The XFEM method in fracture mechanics is revisited. A first improvement is considered using an enlarged fixed enrichment subdomain around the crack tip and a bonding condition for the corresponding degrees of freedom. An efficient numerical integration rule is introduced for the nonsmooth enrichment functions. The lack of accuracy due to the transition layer between the enrichment aera and the rest of the domain leads to consider a pointwise matching condition at the boundary of the subdomain. An optimal numerical rate of convergence is then obtained using such a nonconformal method.
Introduction
In computational fracture mechanics, the eXtended Finite Element Method was introduced in order to use a finite element mesh independent of the crack geometry [2, 8, 15, 16, 19] . A better accuracy was obtained for a lower computational cost thanks to XFEM instead of considering a classical finite element method. However, numerical experiments show that the rate of convergence is not improved, when the mesh parameter h goes to zero, for the elasticity problem on a cracked body [18] . So, we are interested in the abilities of the methodology XFEM to achieve an optimal accuracy for such non-smooth problems. Optimality refers here to an error of the same order than the one given by a classical finite element method for a smooth problem.
The principle of the extended finite element method consists in incorporating some enrichment functions into the finite element basis. Singular enrichement functions are used to take into account the nonsmooth behavior of the displacement field near the crack tip. In the standard XFEM, the size of the enrichment area at the crack tip vanishes when h goes to zero (the enrichment area is the union of the supports of these new singular basis functions). So the influence in the global error of the enrichment decreases with h, which explains the above-mentioned unsatisfactory numerical behavior. To overcome the difficulty, a first variant of XFEM was considered in which a whole fixed area (independent of h) around the crack tip is enriched [3, 11] .
In the present paper, some improvements of the previous approach are studied in order to obtain better computational performances (in terms of numerical rate of convergence, number of degrees of freedom or well-conditioned system).
The outline of the paper is the following. In Section 2, the model problem of a cracked body in linear plane elasticity is considered. Section 3 is devoted to a new XFEM type method where the crack tip enrichment functions are localized by using a smooth cut-off function. A mathematical result of optimal error estimate is stated and confirmed by numerical tests for linear finite elements. In Section 4, a piecewise linear cut-off function is considered for the singular enrichment. The method comes to introduce some bonding condition between the enrichment degrees of freedom in XFEM with a fixed enrichment area. The numerical rate of convergence is improved for high order finite elements (of degree two or three) with respect to the classical XFEM method. However, optimality is not achieved because of the lack of accuracy coming from the elements in the transition layer (the finite elements between the enrichment area and the rest of the body). An efficient numerical integration rule for the nonsmooth enrichment functions is presented in Section 5. In the last section, we study a nonconformal method where a pointwise matching condition at the boundary of the enriched area takes the place of the transition layer. On a computational test, we then obtain the expected optimality.
The Elasticity Problem on a Cracked Domain
Consider the model problem of the equilibrium of a cracked body in plane elasticity. Let be the bounded cracked domain in R 2 ; the crack C is assumed to be straight. The boundary ∂ of the body is partitioned into C , D and N ; a traction free condition is considered on C , on D the displacement is prescribed and the surface forces are known on N (Figure 1) .
The weak formulation of the elasticity problem on the cracked domain consists in finding a displacement field u = (u 1 , u 2 ) such that u ∈ V , a (u, v) 
in the space of admissible displacements:
We have denoted
